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13 ABSTRACT

Historically, the US Army Aviation Systems Test Activity has been involved in

many limited-scope, short-reaction-time programs. In general, the test requirements
did not warrant installing instrumentation. However, on most \ occasi< 15 some
quantitative information would have greatly assisted the evaluationy The purpose
of this study was to investigate the feasibility of developing an airborne
instrumentation kit that could be easily tronsported and quickly installed. The
system would need to be compatible with anticipated US Army vehicle and test
requirements. Results show that a system can be developed which will meet the
requirements for all but the most extensive testing. The system will also interface
with existing instrumentation and data processing systems. The weight of the system
is estimated to be 30 pounds with dimensions of 12 by 15 by 9 inches. The cost
is expected to be approximately $90,000.
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ABSTRACY

Historically, the US Army Aviation Systems Test Activity has been involved in
many limited-scope, short-reastion-time programs. In general, the test requirements
did not warrant instailing instrumentation. However, on most occasions some
quantitative information would have greatly assisted the evaluation. The purpose
of this study was to investigate the feasibility of developing an airborne
instrumentation kit that could be easily transported and quickly installed. The
system would need to be compatibie with anticipated US Army vehicle and test
requirements. Results show that a syster can be developed which will meet the
requirements for all but the most extensive testing. The system will also interface
with existing instrumentation and data prer.c.ssing systems. The weight of the system
is estimated to be 30 pounds with dime:wsirns of 12 by 15 by 9 inches. The cost
is expected to be approximately $90,00%.
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INTRODUCTION

BACKGROUND

i. The US Army Aviation Systems Test Activity (USAASTA) has been involves,
in many limited-scope, short-reaction-time programs. A majority of these programs
have been conducted away from Edwards Air Force Base. Typical programs aré
evaluations of operational aircraft following their modification to accept certain
research and development subsystems, or to correct operational deficiencies and
shortcomings. In general, the changes have not had sufficient effect on the aircraft
to warrant installing inswrumentation. However, on most occasions some
quantitative information would have greatly assisted the evatuation. Development
of an instrumentation package that can be transported easily and juickly instailed
with a minimum of expense and manhours required would greatly enhance the
evaluation of future fest aircraft.

2. In addition to the off-site application, the system could be used as reauired
to supplement the standard USAASTA instrumentation capability and decrease our
response tinie for limited programs.

STUDY OBIECTIVES

3. The objectives of this study are as follows.

a. Determine parameters that could be measured successfully with portable
instrumentation.

b. Estimate cost and availability of portable instrumentation.

c.  Assess usefulness of sistrumentation, problems with setup, and difficulty
with finding proper instrumentation location.

CHRONOLOGY

4, The chronology of the feasibility study is as follows:

Test directive received 22 May 1970
Study initiated 22 May 1970
Study completed 4 November 1671

IRV WP Cot- pe iy WA A I S
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GENERAL

5. To be useful in a wide variety of programs, a portable instrumentation kit
(PIK) must be extiremely versatile. Since in most instances the measurement of
only one parameier is of little value, an instrumentation package should measure
simultaneously those variatles necessary for a meaningfu! evalualion. The number
of variables needed depend upon the given situation, and it is, therefore, virtually
impossible to design a portable recording system for universal application. However,

with modern electronics, it is possible to measure a large number of parameters
with a small package.

6. Through transducers or sensors, most aircraft phenomena can be reliably
reduced to electrical signals, analog or digital, which are suitable for input to a
modem recording system. For a portable system, restrictions will be imposed by
transducer size, handling ease of transducers, {ransducer accuracy, system recording
capability, overall system accuracy, installation limitations, pre- and post-flight
requirements, package size, and package weight.

7. In addition to the acquisition and recording, careful consideration must be
given to the data output and eventual data handling or analysis. A permanent paper

record is needed and a magnetic tape compatible with automatic data processing
sysltems is strengly desired.

8. A portable instrument package can vary from existing systems to a totally
new system utilizing the most advanced concepts and equipment. This study is
devoted to an evaluation of three selections within the possible scope. The first
is a portable package using currently available oscillograph and photopanel parts.
A second choice is a package made up of a group of simple mechanical transducers
developed locally, and a minimum of additional electronic equipment. The third
candidate is a complete electronic package utilizing state-of-the-art miniature
electronics. A complete analysis of each option will provide a data basis for selecting
that most suitable within the time, equipment, and money constraints.

DEFINITION OF SYSTEM REQUIREMENTS

General

9. The system requirements are determined by the parameters that must be
recorded and th. necessary data output. Requirements determine the sensors,
rccording devices, and output format. The portability feature and quantitative data
scope place constraints on each element within the system.
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10. A functional-flow diagram of the portable system concept is shown in
figure A. The constraints that apply must be determined. They will be in the form
of specifications, limits, tolerances, or any definition accepiablé as a limiting
quantity. The output constraints may be imposed by the effective needs of the
user.

USER
I\ | ’,

L ! |

CONSTRAINTS CONSTRAINTS CONSTRAINTS
ON INPUTS ON SYSTEM ON OUTPUTS
v {
PRIMARY DESIRED 4
INPUTS "l MEASUREMENT | °© OUTPUTS
ENVIRONMEN SYSTEM PARASITIC
INPUTS L OUTPUTS

Figure A. System Concept.
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1. The different kinds of inputs which the system records and transforms to
outputs are aircraft characteristics and data control information. The - system:
installation and. operational requirements inclugs: )

|
i
!
|
|

a. Environmental (eg, pressure, temperature, shock, vibration, moisture). -

b. Human (eg, effort, time, control, presence).

c. Physical (eg, size, weight, power).

12. The recording system will be determined by the total system inputs. Some :
typical systems to be considered include:

a. Hand recording from visual indicators.
b. Mechanical recording devices.

c.  Oscillograph.

d. Real time télemetry trace.

c. Airbome magnetic tape system.

13. The characteristics of the system chosen will point to the most logical output
medium. At this point it will suffice to state some reasonable alternatives:

a.  Analog recorder.

b. Digital printer.
i ¢. Memory oscilloscope.
4 d. Digital indicator.
3

¢. Analog mdicator (electric).

-

Analog indicator (mechanical).

Aircraft Data Recording Requirements

' 14. A list of potential data parameters was generated from instrumentation

employed in previous flight test evaluations. Table 1 shows the kind of
measurements conmon to the tests. This information regarding air ind operating

paramcters, performance, and stability and control, coupled with requirements for
vibration and stress measurements, will facilitate derivation of channel requirements

for a PIK. The flight test reports investigated arc identified in references 4
through 9, appendix A.

i{‘ﬂ
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measurcments common to the tests. This information regarding air and operating
parameters, performance, and stability and control, coupled. with.requirements for
vibration and stress measurements, will facilitate derivation of channel requirements

for 2 PIK. The flight test reports investigated are identified in references 4
through 9, appendix A.

15. These reports do not necessarily define the requirements for the PIK; however,
it is considered that if the PIK can monitor all the parameters listed in table I,
it will be adequate for the anticipated use.

16. The parameters as-shown in table 1 were surveyed in references 4 through 9,

appendix A, to determine the repetitiveness of specific requirements. The survey
is included as appendix B.

Table 1. Parameters Surveyed.

Parameter Report Number| Category
Yaw acceler;:;on 2 and 5
Roll acceleration 2
Normal acceleration 1, 2, 4, 6
Center-of-gravity normal acceleration 2, 5, 6
Angle of attack 2, 5, 6
Control positions 1 through 6
Special measurements 1 through 6 Vizzizign/
Zzigig;a$§2i;or, timers, 1 through 6 | Correlation

17. Table 2 is a summary of the parameters that a PIK should be able to measure.
However, it should be remembered that virtually any aircraft measurement can
be made if a transducer is supplied with the test aircraft. The table incorporates

only those paramcters that are considered within the scope of a self-sufficient
system.
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Table 2. Portable Instrumentation Kit Parameters.

Rotary motion
Temperatures (less than 75°F)
Positions
Forces
Parameters Aircraft attitudes
Aircraft rates
Linear accelerations
Vibration

Pressure

18. In addition to recording the data, the system must have provisions to generate
and record timing and cvent information. This is necessary to properly correlaie
and process the data prior to analysis.

Package Environment:

19, A PIK should operate efficiently and with design accuracy when subjected
to environmental conditions within the following ranges:

a.

b.

(g2

Temperature:  -30°C to +75°C.
Relative humidity: Zero to 100 percent at mean of temperature range.
Pressure altitude: -500 feet to 30,000 feet.
Acceleration: *10 g's in all planes.
Vibration: +1.5g peak to peak at 0 to 5 Hz
+3g peak to peak at 5 to 30 Hz

*10g peak to peak at 30 to 2500 Hz
+25g shock load.

Installition Factors:

20. For any given measurement problem, the time required to generate a test
plan and sclect and install transducers will be essentially independent of the
recording method employed. To be effective, the installation and checkout time
for a recording system must be minimized.
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21. To cstimate the tnme reqwred for the installation of the transducers threg
things must be known; : :

a. The type of transcllucer;& to be used.

b. The type of a}ircraft in which they will be installed.

¢. Their locatioﬂ in the, test aifcraft. .
22° The 'intended use for this package implies that instrument installation time
be minimal. Two men should be able to insiall and check out a‘basic complement

of transducers and the recording. package in 8 hours. At least one-of the team
should be well trained in use of the PIK.

Physical Restrictions

Space Limitations:

23. The size of the portable instrumentation kit will be limited by available aircraft
sp-ce. Signal conditioning, re‘cording instruments, and interfacing will have to fit
into available compartments, that is, space that is accessible without taking the
vchicle apart.

24. The AH:1G (HueyCobra), the OV-1D (Mohawk), and the TH-55A were found
to be the existing limiting vehicles. The AH-1G has approximately 3 cubic feet
of spacc available behind the pilot seat. The OV-1D has five compartments that
are suitable for PIK instaliations. However, the size of the individual compartments
would be the limiting factor. Dimensions of the largest .carnera compartment are
dpproxnmatuly 1.5 feet by 1.5 by 2.5 feet. In the TH-55A, the PIK would be,
placed in u.c copilot seat; the available space is approximately 7. cubic feet

25. On this basis, the max:mum size of the package (or combination of
¢ smponents) must be at least consxstent with the llmltatxons of the AH-1G, OV-1D,
and the TH-55A. J

26. Beyond the an'craft's size limitations previously discussed, the system must
be portable from the user's standpoint. A total system should be reducible to a
small number of components, suitable for hanuling as carry-on baggage for two
men on commercial airlines.

Availability of Power

27. All the aircraft investigated have the ability to supply at least -5000 watts
to an instrument system under short transient conditions. A transient demand of
28C0 watts would pose no constraint. On a continuous basis, all the vehicles can
supply 1000 watts. The instrumentation systems now in use are supplied with a
980 watt capability {28 VDC at 35 amps). For the PIK, a maximum continuous
cnergy demand of 700 watts should be specified.

1
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Weight Limilations

& 28, Total seight of the PIK will not be a severe design limitation so far as the
aircraft are concerned. The weight-carrying capability of each aircraft investigated
is sufficient to support the oscillograph recording systems now in use. In most
¥ cases, a potential test vehicle will support a copilot which represents & maximum
load of 200 pounds.

29. Instrument installation will affect the center of gravity (cg) of a test vehicle.
However, it is not possible to make a quantitative investigation of the effects.
Each possible case is unique insofar as the allowable aircraft cg limits. the
positioning of test instrumentation, and the flight test configuration is conccrned.
A cg shi’t will be compensated for on the basis of weight and balance calculations
for the given situation. Therefore, the total weight of the PIK will be as light
as is practical and consistent with required information-gathering capability, desired
1 d flexibility, and size. A final weight (transducers, power supplies, signal conditioning,
recording equipment) of 50 pounds is considered reprcsentative.

Ly

POSSIBLE _SOLUTIONS

| General

! 30. Previous analysis and problem definition shows that a portable instrumentation
oo kit should represent the best compromise between the following items:
i
i

’ a. Abdity to measure properties of required parameters and conform to
] specified physical restrictions.

b. Availability to fulfill immediate test needs.

c. Ability to accommodate changes in future needs.

d. Uscfulness as a supplement to present test equipment.

! ¢. Cost.

31. After a recording system or design philosophy (if nonelectrical instruments

arc used) has been adopted, a compiement of transducers must be developed that
< is consistent with the PIK nceds. This development should be an evolutionary
: process. That is, each parameter must have ifs associated transducer scrutinized
with respect to user acceptability, ease of handling, and conformity to system
constraints. Thus, the range of PIK solutions is defined by the availability of
recording instruments and associated peripheral equipment.
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Present Capability:

32. Three methods of data acquisition have been employed in USAASTA. fhe
most widely used is the light-beam oscillograph (this device is described in more
detail in paragraph 36. Another common device is the photopanel or a visual
cockpit indicator panel. A limited portable instrumentation kit can be made with
a4 combination of the existing equipment. One of the smaller cscillographs such
as the CEC 5-114 can be used to record up te 24 parameters. In additicn, a small
phoiopanel may be constructeé for additional channels or to facilitate the
measurement of parameters not easily adaptable to a graphic recorder.

Mixed System:

33. A more viable solution is the assembly of a mixed group of instruments. This
group would consist of a small, battery-powered, low channel capacity graphic
recorder, a minimum of signal conditioning equipment, and a complement of special
purpose transducers (developed inhouse) for quick installation. An example of an
inhouse development is a stick plotter. This is a mechanical device which utilizes
a plotting board located in close proxZmity to a control lever supported by means
of an instrument panei. A writing implement is affixed to the control lever to
allow stick motion to be traced on the plotting board. Similar mechanical devices
could be developed to monitor several parameters.

34. A conglomerate system consisting of a basic electronic recorder and a variety
of "hand" transducers may not fulfill all parameter requirements. A deficiency
in this area can be compensated for by the purchase of individual instruments.

Integrated Portable Instrumentation Kit:

35. The third possibility is a <~ letely integrated portable system that meets
or exceeds the requirements for a PIK. 3efore any approach can be pursued further,
available data acquisition media must be studied in detail.

Comparison of Recording Systems

General:

36. There arc several recording media available for collecting flight data. The
light-beam oscillograph affords a simple and straightforward flight instrumentation.
The output is a permanent visible trace on paper. Data reduction must be
accomplished through manual evaluation of the traces.

37. If large amounts of data are to be handled, c. if small amounts of data are
to be processed rapidly and accurately, the signal to be proec -sed must be in an
clectrical form. With a magnetic tape recorder, storage of an electrical anantity
is accomplished. While in flight, transducer nvtputs are fed to the tape via direct
recording, frequency modulation (FM), or digital methods. The signal may be
rccovered on the ground by means of some electro-mechanical recording device
or computer processing equipment.

8
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38. With radio frequency transmission (telemetry), conditioned transducer outputs
are transmitted to a ground station which may produce real time data displays
on strip charts, record ~ata on magnetic tape, provide direct computer analysis,
or perform any comoination of these functions simultaneously. Figures B

through D show the basic components of each system. Table 3 tabulates the
comparison of recording systems.

TRANSDUCER TRANSDUCER.

SIGNAL
CONDITIONING

OSCILLOGRAPH
RECORDER

t

MANUAL DATA] SEMI-AUTO
PROCESSING PROCESSING

Figure B. Oscillograph Recording System.
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CONTROL
AND ’
TIMING b

L—c- ENCODER

I 1

MAGNETIC TAPE
RECORDER

GROUND DATA
SYSTEM

Figure C. Magnetic Tape Recording System.
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ON-BOARD
TELEMETRY

|

y

GROUND STATION

:

MAGNETIC
TAPE
RECORDER
STRIP
CHART
RECORDER

Y

AUTOMATIC DATA
PROCESSOR

Figure D. Telemetry System.
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Table 3. Cozparison of Recordisg Syste=s.

- ‘Acqg‘:;:uon Oscillograph ¥agretic Tape Recorder Telesetry
Cozparison (CEC 5-116) (Leach Satellite Type) (FH-F, Q4 Systezs)
Typical %2 percent +1 percent (digital recording FH-FM, =1 percent;
accuracy accuracy is lizited only by PCH, %5 percent

transducers and A/D converiers)
Maxicun 1.78 x 105 bits/sec 4, 8 x 105 bits/sec; 106 bits/sec
inforzation PCH, 1.92 x 106 bits/sec
rate

Data storage

4.27 x 105 bits

9.98 x 107 bits

Linited by ground

capacity equipaent only
Channel 14 active traces Depends on word length up to M-FH (UHF),
capacity 128 data channels without abw - 21
subcomzutatien const. bw -~ 21;
ECH (UF), depends
ca vord length super
and subco=mutation
say be used
Data Difficult and involved Easy; automatic data processing [ Fasy; automatic data
processing sear-autoaatic readers tize is reasonable processing time Is
require manual setting reasonable; data can
of cach data point be wonitored by
quick look
Versatility | Low; primarily readout Good; voice annotation possible | Good; volice annotation
equipzent . possible; quick look
snd sizmultaneous data
processing possible
CGuarantee Good Good ot as good as for
of data oscillograph or mag-
reception netic tape recorder
Operational Oscillograph Magnetic Tape Recorder Telemetry
Comparison (CEC 5-116) (Leach Satellite Type) (FM-FM, PCM Systems)
Installation:
size 2,100 4n.3 48 1n.3 Typical: 200 in.3
weight 60 1b (loaded) 4 1b 10 1b
nounte Requires shock mounts No shock mounts required Hountings of on-board
antennas can be difficuly
Preparation | Time ruquired fur matching]Time required for matching Solving antenna problens
time for transducers to recorder transducers to recorder can be time consumptive;
tests £mall when compared to suall when compared to otherwise, same as for
installation time for installation time for oscillogragh and the
transducers transcducers tape recorder
Power Typical: 200 watts at 8 watts at 15 ips, 28 VDC Increases with RF
consusption [28 VDC power, can be large
Operation, Easy; can be handled by More complicated; should be Complex; team of
maintenance |semi~gkilled personnel handled by trained personnel experts mandatory
Equipnent Most simple solution; Intermediate storage device only;|Hinimum $8,000
cost basic price about 38,000 |graphic recorder also required;
plus $250 per galvanoncter|basic price ficut $16,000 plus
$750 per channel
Recording About 8U times thc-;;lce -
material of magnetic tape recorder
cost with same storage capacity

13
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39. Each recording method requires a definite system and the choice of meihod

Ability to accomplish goals of PIK.

Cost.
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Data Acquisition Characteristics:

40. The areas of interest in a recording system comparison can be identified by
the relationship between the measurement problem and the measurement system.

Critical parameters that are specified by the measurement problem are:

Number of data channels.

Accuracy/resolution.

Frequency bandwidth.

Duration of measurements.

Flight environment.

Those parameters contributed by the measurement system are:
Data storage capacity.

Maximum information rate.

Needs of multiplex subsystems.

‘ 4]. Mathematical definitions of the relationships are shown in equations 1|
X

through 3. Let the desired amplitude accuracy of the jt; channel be guaranteed
by use of a binary word of n bits. Shannon's sampling theorem states that if the
¢ cutoff frequency of the incoming signal is f¢, then no information is lost if the

measur ment system sampling rate is > 2fc. Thus, the information rate of the jth
channel is:

Where:

=

J =1

14
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When this is coupled with the duration of measurement (T), the required storage
capacity (c) is obtained:

c=1IT
Accuracy:

42, There are many effects that must be compensated for to obtain a given
accuracy in a measurement system. External effects such as vib.atiorn:, shock, and
temperature, as well as internal effects such as zero drift, gain drift, and crosstalk
must be considered.

43. Osciilograph accuracy is typically £2 percent. An oscillograph can be affected
by flight con.i:tions. Temperature compensation is provided.

44. Direct or FM recording on magnetic tape can yield accuracies of +2 percent.
Although the visual display of tfape-recorded data involves use of devices with
amplitude accuracies of *2 percent, the ground reproduction is accomplished in
a better environment. Thus, the additional 2 percent uncertainty can be greatly
reduced. If digital recording is used, the reccrding accuracy depends on the analog
to digital converters which can be as good as 0.1 perc..:t.

45. Telemetry systems are not significantly affected dunng flight and in spite of
medium disturbances, error can be held within 1 percent with carefu! design and
calibration (M-FM). This error can be significantly reducesd with digital ceding
(PCM).

Number of Channels:

4G. The number of data channels available in an oscillograph .s limited by the
paper width, the number of galvanometers that can be fitted int.. an instrument
of rcasonable size, and desired resolution. Because of the probleins with crossed
traces the number is limited to 50 channels. However, an oscillograp’s with physical
dimensions consistent with PIK goals can only accommodate 14-.4 channeis.

47. Tape recorders that could be of use in a PIK ase available with 4 or
7 recording tracks. For direct recording this means that only 4 or 7 data channels
arc available. However, virtually unlimited channel capacity can b2 ubtained with
time or frequency maltiplexing. Practically, this capaciiy is limited by circuit
complexity and maximum information rates. For a PIK the number of required
parameters should be less than 30 channeis.

48. Tclemetry requires multipiexing if more than 1 channel is necessary. The
channel capacity with multiplex is the same as a tape ‘ecorder.

15
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Bandwidth:

49. Oscillograph galvanometers are availatle with natural frequencies up to 13KHz.
The ecffective bandwidth of an oscillograph is ebhcut 3KHz. A wideband tape
recorder using FM methods will allow recording of 4 to 7 separate channels with
pandwiaths of 20KHz (60 ips). If digital recording methods are employed,
bandwidths of 8KHz may be obtained (4 channels at 60 ips, 6 bit word). For
telemetry, cutoff frequencies of 20KHz may be obtained with multiplex methods
(FM-PCM).

Maximum Information Re'lte:

50. Equations (1) and (2) may be used to find the information rate of the jth
channel. The channel capacity must at least equal this informaticn rate. For an
oscillograph using 14 traces with 1.5 percent ampiitude resolution (6 bit), with
time resolution of 12.7 sinewave/inch, and maximhum paper speed of
100 inches/second:

_ 5 bits\f2 sample\[12.7 sinewavel{100 inch
I 14 "
0 . sample J\sinewave inch - sec

5 bits
sec

1.78 x 10

With a magnetic tape recorder utilizing PCM and having a packing density of
8 K bits/inch at 60 inches/second, 4 tracks give:

_ 8 K bits I60 inch} _ 6 bits
Irp = 4 ( inch )\ sec )— 1.92 x 10 sec

Magnetic tape recording wideband FM on 4 tracks at 60 inches/second yields.

_ 2 sample);S bits) _ 5 bits
Ir m —(4 2OKHZ)(sinewave)(sample) =8 x 107 oo

Therefore, the channel capacity of the miniature magnetic tape recorder is from
4.5 to 10.8 times that of the oscillograph. Telemetry methods standardized in
accordance with IRIG standards have information rates that lie between the
oscillograph and magnetic tape. With PCM the maximum is approximately
10% bits/sec.

Storage Capacity:

S1. The principle of storage capacity need only be applied to oscillographic and
tape recorders, since the recording of telemetry data can be accomplished by any

18
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combination of methods. For an oscillograph, 200 feet of paper may be loaded,
which at 100 inches/second yields 24 seconds of recording time. The storage

capacity is:
I T =(L78x1052¥§)@43m§
(o] c 0 sec

4.27 x 106 bits

Q
I

rhe tape recorder allows 52 seconds of recording tiroe at 60 inchesfsecond. Then:

_ 6 bits
T IT TT = (1.92 x 10 ;—e—c—)('iZ sec)

9.98 x 10’ bit .

(]
L}

U]

Data Processing:

52. The choice of a datz acquisiti.n system also depends on the data processing
possibilities. The simplest and mesi tedious method of reducing graphical data is
manual measurement of traces. Sumiaufizter processing with manually evaluated
data being digitized and writte~ & k~vpunches is an improvement. These methods
requirc the largest number oi manhours to reduce the data.

53. Magnetic tape recorders provide completely automatic data processing and
reduce data processing manhours. Also, due to the choice of tape speeds for
recording and reproduction, frequency transformations of analog data can be
obtained.

54. Telemetry provides the most versatile system. A telemetry ground station may
utilize any combination of magnetic tape recording and/or real-time data processing
mcthods. The greatest benefit in the reduction of data processing can be realized
by the use of the telemetry system.

Guarantee of Data Reception:

55. Both oscillographs and magnetic tape recorders provide reliable airborne data
reception (careful selection and installation presupposed). However, telemetry
systems are susceptible to dropouts due to multipath propagation. This problem
can be minimized by use of special delivery techniques but the hardware problems
arc complex. Another anomaly associated with telemetry is reflected waves.
Disturbances in the RF link can arise when the path length difference between
the direct wave and a reflected wave (eg, from mountains or buildings) is of the
same magnitude as the wavelength of the modulation signal. Most of these cases
can be climinated by use of narrow beamwidth antennas.

1
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/ Operational Characteristics

Installation:

56. Size, installation complexity, and weight are critical factors to a PIK. The
CEC 5-118 is a I12-trace oscillograph designed for use in missiles. It weighs

: 11.2 pounds and occupies 200 cubic inches of space. A 50-trace oscillograph

" weighs 130 pounds and occupies 5620 cubic inches of space (CEC 5-119). In
contrast, a 4-track Leach Corporation miniature satellite tape recorder weighs
4 pounds and has a volume of 48 cubic inches. The Ampex Model AR-700 is
a 14-track recorder that weighs 48 pounds and has dimensions of 18.7 x 16.7 x /
inches.

57. Onboard telemetry is small and light. A typical AM-FM package (14 channels)
weighs approximately 10 pounds and occupies 200 cubic inches of space (discrete
components). The onboard antennas can pose installation problems. They must
not affect the aerodynamics of the test aircraft and, at the same time, must meet
cfficiency and radiation requirements.

- Time for Preparation of Test:

‘ N 58. In most cases the time required for planning the test, selecting transducers,
7 and sclecting appropriate signal conditioning is independent of the recording media.
‘ The time required to install even large, heavy recorders is negligible in comparison.
|, For telemetry, however, the determination of antenna location or installation can
k be very tedious and time-consuming.
|

Operation and Maintenance:

| s 59. Oscillograph recorders offer the simplest and the most easily understood
[ system. The system can be operated and maintained by semiskiiled personnel.

. Magnetic tape systems are more complicated, with calibrations and checks being
e rcquired at regular intervals. Well-trained experts should be available for use of
e » such systems. Telemetry systems ase the most complicated and operation by a
\” well-trained team is a necessary prerequisite for successful measurements.

N Cost:

60, Cost is of great importance in any installation. The sensor costs will be
essentially the same for any recording system and will not be discussed. Peripheral
. cquipment and personnel costs have also been omitted.

@ 61. Graphic recorders are the simplest. A 14-trace oscillograph is approximately
. $8,000. To this a galvanometer cost of about $250 per channel must be added.

62. The basic equipment of a satellite-type magnetic tape recorder costs about
$16,000. A cost of approximately $750 per channel must be added for electronics.
It must be remembered, however, that the magnetic tape recorder is only a storage
device and some form of graphic display is required to look at the data.

18
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63. For telemetry, a basic RF link costs at least $8,000. In most cases graphic
and -magnetic tape recorders must be employed. In this case, though, the recorders
arc less expensive because airborne qualifications are not required.

64. For recoiding material on an information storage basis, oscillograph paper costs
about 80 times more than magnetic tape. Also, magnetic tape may be reused many
times. To determine which. method is most advantagéous for a PIK, consider two
items. First, each parameter or characteristic given in the comparison has a special
significance to the PIK. To assess this significance let the importance of the ith
parameter be rated on a scale of 1 to 3 where:

1

least significant

2

moderate

3

most significant

Then one obtains a significance vector for a PIK where:

Table 4 lists each parameter and its appraised significance.

1



Table 4. Appraisal of Parameter Significance.

Parameter " Vector Position Significancel

- Typical accuracy 51 2
Maximum information rate ) 2
Data storage capacity S3 1
Channel capacity S4 2
Data processing S5 2
Versatility 56 3
Guarantee of data reception 57 2
Guarantee of data installation g 3
Time for preparation of tests %9 2
Power consumption S10 1
*11 1

Ope atior and waintenance cost
12 3

gignificance Scale:

1 = least significant.

2 = moderate significance.

3 = most significant.
Next, consider the performance of each recording method with respect to the goals
of a PIK. Again using a scale of 1 to 3 where:

i nu

1 = poor
2 = good
. 4 3 = excellent
o A matrix of performance coefficients is defined: | ornod
P * s e 000 ‘P
.11 1j
P = Performance { .
| :
Pil
¢ <
. 20
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For each recording method; table 5 lists thc parameters of comparison and thelr
associated performance coeff c1ents . : ;

Finally an acceptablhty number for use of recording s§>tems inaPIKonal to 3
scale where: ' ' ‘

I = least acceptable .-
2 = satisfactory
3 = preferred

]
is obtained by the relation:
N }
" Acceptability (A) = -3-%- P:rs *

From table 4 the significance vector “is:

]
[ACIN V]

WO o NN W N RS e

|
L

From table 5 the petformance coefficient matrix is:

"1 3 4 »
o 1 3 2
2 3 3
2 3 3
1 2 3],
2 3 3
P=ts 319
1 2 1 1
3 3 2
1 3 3
. 3 2 1
3 2 2] |

2
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Then:

112212
1
A= Ps=51333323
323333
1.28 oscillograph
= [1.75 mwagnetic tape
1.53 telemetry
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Thus, analysis indicates that a magnetic tape recorder is best suited to a PIK's

needs. From this point then, only magne

Table 5. Performance Coefficients.

tic tape systems are considered.

Parameter OZ:i;io— Magg;zic Telemetry
Typical accuracy 1 3 3
Maximum informatica rate 1 3 2
Data storage capacity 2 3 3
Channel capacity 2 3 3
Data processing 1 2 3
Versatility 2 3 3
Guarantee of data reception 3 3 2
Guarantee of data installation 1 2 1
Time for preparatinn of tests 3 3 2
Power consumption 1 3 3
Opera:ion and maintenance 3 Z 1
Cost 3 2 2

]




Integrated Portable Instrumentation Kit:

65. Figures E and F are functional block diagrams of the propossd system. The
signal conditioning circuifry will serve to standardize all transducer outputs and
make them compatible with the encoder inputs (zero tv 5 VDC). Due fo the size
limitations of a portable kit, it would be advantageous tc use a time-shared signal
conditioner. However, because of the diversify of fransducers the unit will
eniccunter, this apprcach is not feasible. Therefcre, cach channel will be provided
with an individual signal conditioning card tailored fo the specific transducer. The
card will provide excitation, scaling, amplification (when necessary), and bandwidth
limiting (filtering).

TRAI'SDUCERS -
l POWER SUPPLY
SIGNAL
' COND.
M
PCM
MOD
VOICE PROGRAM
CONTROL
AUDIT > (PANEL)

TAPE be————— 1 REMOTE
CONTROL

Figure E. Proposed System - Recording Section.
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VOICE],
ouT
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M
DE-MOD Sé NRZ
PULSE
_— COND.
BAND PASSI
FILTEK l SERIAL
] TO PARA
BIT
SYNC
FRAME
{ SYNC
PARITY 1
CHECK —_—
Y § 1 SELECT
ERROR EVENT &
COUNT SENSE
L= DA
L > SCOPE |e

Figure F. Proposed System - Replay Section.
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66. The block marked PCAf encompassas many funciions. The anit includes analoz
multiplexing, dizital multiplexing, analoz to dizital conversion, hard-wired prozram
controlfprogramming, and format zccumulationfcutput formaiting. For this
discussion it is only important to know that the PCf inputs are parzlle]l analog
signzls, preconveried digital inpuis (from asynchronous digital trancducers), and
event information. Tiie output is a serial bit stream containing the input information
in time-multiplexed, pulse coded form. Sampling rates will be chosen to allow
coding of signals with channel bandwidths of up to 150 Hz (minimum of
5 samples/cycle). Certain parameters such as vibration or stress will oftzn require
bandwidths larger than 150 Hz. Therefore, 2 channels will be provided with a
bandwidth of up fo 10 KHz This will be done via wideband FAS. It is the riost
straightiorward method of reliably recording these high frequency transducer
outputs.

67. Voice, PCM, and FM information will be recorded on a miniature magnetic
tape recorder. The recorder will be of the same class as those used in satellites
and rockets, the actual recording commands being handled with a remote control
unit.

68. Reconstruction of analog signals from the recorded PCM data requires several
operations:

a. Split phase ($-NRZ) conversion.
b. Serial to parallel conversion.

c. Bit synchronization.

d. Frame synchronization.

e. Parity checks.

f. Digital to analog conversion.

69. To minimize size, the reconstruction of analog signals should be in the most
rudimentary form. That is, the entire unit would be committed to one frame format,
one or two sampling rates, one frame synchronization pattern, and only one
word-form would be used. Any recording format or sampling options wouid be
switch=selected from the hard-wired panel programmer/controller. All necessary
timing and control signals would be derived from the recorded bit stream dunng
playback.

70. The digital to analog converter output would be buffered and this buffered
output level would represent the reconstructed analog input. No further processing
of the signal is required. Specifically, no filtering (curve smoothing) would be
necessary before application of the signal to a display device because of the sampling
rate used.

J5]



71. Reproduction of the FM signals is much simpler and requires only an FM
discriminator. The demodulated analog signal will also be buffered for recorder
driving. One more operation needs consideration with the FM data. Since thisdata
will usually represent vibration or stress/strain phenomena, the real information
lies not in the raw time history of acceleration, but rather in the power spectral
density of the siznal. Obviously, one cannot hope to incorporate a spectrum or
wave analyzer in a portsble instrumentation kit. With a little work, however, the
information can be extracted from the receastructed signal by the use of a tunable,
variable bandwidth, bandpass filter. By inserting this filter betweep the demodulator
output aad the data display device, one can isolate discrete frequency components
and their relative magnitudes.

72. The ground package (fig. ) is designed to satisfy the data display, ground
checkout, troubleshooting, and calibration requirements. There is a unit on the
market that can satisfy all of these requirements, and in a form that makes it
effectively the only candidate for use: the Tektronics Model 7514 memory
oscilloscope. Two channels of data can be read into the "memory” and held as
long as 1 hour for direct analysis or photographic processing of the traces. With
the appropriate scaling scheme in the replay section, these traces can be read directly
in engineering units. Pracdcally speaking, as much as 5 seconds of flight data may
be presented on the face with adequate resolution. Digital multimeter and eput
metering plug-ins are available, making this scope z complete checkout and setup
instrument for quick evaluations. With a well-planned system of test points and
prepared harnesses, the unit makes the setup and checkout of the airborne section
a relatively simple matter.

DISCUSSION OF SOLUTIONS

Present Capability

73. The instruments currently available at USAASTA are not representative of
those which can provide portable instrumentation. The recording equipment is too
heavy and bulky for mobile use, and power consumption is excessive. Each channel
of information requires an excitation source, some form of signal conditioning (for
standardization, balancing, amplification, range switching, etc.), and interconnecting
cable between power source and excitation source. between power source and
recorder, between transducer and signal conditioner, and, finally, between the signal
conditioner and the reconrder. This type of installation and the man-hours required
for setup is not a practical solution.

Mixed System

74. The combination of a small Visi-corder with instruments and a variety of
mechanical measuring devices offers an improvement. One virtue of this approach
is that, with careful selection of components, the transducers and their associated
apparatus will be compact and casy fo use (assuming less than about four
simultancous measurements). A transducer/recorder interface is still required. This
third unit would supply the necessary signal conditioning functions, supply
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transducer cxcitation, and generally serve as the control unit. If a larger number
of channels are to be monitored, the setun will become ungainly and suffer all
the anomalics associated with a pat nmade up of existing equipment.

75. The mixed-system approach does not provide built-in calibration and checkout
capability. Therefore, a versatile test instrument such as a digital multimeter is
required. One other major problem is that small Vist-corders require shock mounts.

This increases installation time and creates possible -estrictions on mounting
Iccations.

76. One favorable aspect is cost. A recorder, digital test equipment, and a smail
complement of transducers can be purchased for about $15,000.

Portable lastrumentation Kit

77. The system diagrams (figs. E and F) imply that a selfsufficient PIK must
implement many functional services. Careful design and selection of components
would result in a package whose subsystems are eithzr suitable for use with the
AIDAS or suitable for use as valuable complements to existing laboratory test
equipment. In either case, it is possible to construct a portable instrumentation
kit that will be of great value when used for its intended purpose or when used
in carrying out nommal test functions within USAASTA.

Capability and Characteristics:

78. The PIK described can accommodate:
a. Channel capacity:
(1) 10-20 analog PCM channels.
(2) 14 preconverted digital PCM words.
(3) Two wideband FM channels.
b. Recording time (maximum):
(1) Sever, tracks used on PCM data; 210 minutes at 15 ips.
(2) Opre track with PCM, 2 tracks with FM; 30 minutes at 15 ips.
¢. Acruracy capability:
(1) PCM - %1 percent (overall with use of oscilloscope).
(2) FM - 5 percent overall.

d. Size (transducers 2xcluded):
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. (1) Aisbomme; 1 cubic foot.
B (2) Ground; 2 cubic feet.
e. Weight (transducers excluded):
(1) Airbome; 30 pounds.
(2) Ground; 70 pounds.
f. Power requirement:
(1) Airbome; 28 VDC/115 VAC, 50—400in.
; (2) Ground; 115 VAC, 50-60 Hz.
79. Whue in transit, the fotal PIK would consist of three cases. The first two
would be in the form of large attache cases, one being the airborne package, and
the other carrying transducers and wiring. The third case would contain the
oscifloscope and the prepared probe hamnesses.
80. In use, the airbome unit would not require shock mounts (assuming rugged
construction) and could be mounted in any position. Input scaling and recording
setup can be designed to take no more than 2 hours with a maximum capacity
number of measvrements.
81. Initial data would not include the tedium of measuring trace deflections and
plotting data points. Time histories and parameter versus parameter plots can be
generated at will on the scope face by replaying the data tapes.

Cost:

82. The cost of the true PIK described has been approximated at:

Tape recorder and electronics $22,000
PCM encoder 14,000
Design and implementation of miniaturized
circuitry 27,000
Oscilloscope and plug-ins 10,000
Components for buildup of transducer signal
conditioning cards 17,000
Approximaie total: $90,000
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83. At first glance, the approximate total may seem out of order for a portable
inctrumentation Xit. However, several factors should be taken into consideration.
First, it is planned to make the tape recorder and PCM units suitable substitutes
for those uhits used in AIDZS. Such replacements will be purchased anyway. Also,
a memory-type oscilloscope would be a logical addition to USAASTA laboratory
equipment and would be consistent with USAASTA expansion of instrumentation
capability. Thus, if is considered that the miniaturized circuitry and the signal
conditioning circuitry would be the only investments committed to the PIK. These
subsystems constitute $43,000 of the estimated cost. This is considersd a modest
cost for a package with capability second to none in the instrumentation ficld.

2



CONCLUSIONS

84. Aircraft data requirements cannot be subjected to precise definition. A survey
of airbomne transducers has provided enough information for analysis of the portable
system problem ({para 15).

a.  Environmental, installation, and physical package requirements have been
isolated with enough precision to facilitate analysis of the portable system problem
{para 29).

b. The choice of system configuration, e, the record and reproduce media,

is essentially independent of parameter measurement requirements (para 20).

c.  Analysis has shown that the goals of a PIK as defined can best be achieved
by a system utilizing magnetic tape recording (para 64).

d. Analysis of appropriate instrument markets and common instrument
systems has demonstrated technical feasibility of the proposed PIK (para 64).

85. Subjective analysis has shown construction of the proposed PIK to be an
cconomicaily sound endeavor (para 83).

30



RECGMMENDATIONS.

N R et

86. It is recommiended fnat a detail design specification be developed for the
portable instrumentation kit. :

87. Upon acceptance of the design and specification, it is-recommended' that the
proposed kit be fabricated.

3
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APPENDIX B. RESULTS OF PARAETER
REQUIREMENTS SURVEY

1. The parameters were surveyed with respect to the unique PIK requirements

and constraints. In the survey each parameter was evaluated in accordance with
the following:

a. The purpose for the mecasurement.

b. Total accuracy/resolution required.

¢. Transducers and methods available to make the measurement.
d. Anomalies commonly associated with the measurement.

e. If the required signa! conditioning circuitry is within the scope of portable
instrumentation.

f. If the weight and size of transducers is prohibitive.
g. If the installation requirements are prohibitive.

h. If suitable equipment is available for calibration, maintenance,
installation, and checkout.

i.  Successful monitoring of parameter in conjunction with a portable
instrumentation Kkit.

2. The survey is presented as taole A.
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Table A. Results of Parazeter Requirements Suxvey.

Answer
Paraceter Factor - Cozments
Yes | No |Accuracy
Airspeed a The purpose is to determine the
‘ airspeed relative to-the surrounding
air mass.
b 20.82
c 1. Adrcrs " standard systen.
2. Test swivel head pitot-static
system.
3. Aeroflex true airspeed vector
'system.

d Rotor downwash, unreadable at low
dynanic pressures. Angle of attack and
sideslip effects.

e X

f X

8 X

h X

i X

s1titude a The purpose is to record static
pressure and/or aircraft height above
gea level.

b 2% full

scale
. c 1. Production altimeter.
2. YAPS head.
3. Radar.

d Production systems may be degraded by
downwash, ambient temperature,
barometric pressure.

YAPS heads suffer from same anomalies.
Radar altimeters investigated to date
1 do not meet requirements of b.

e X

f X

'3 X Plumbing must be provided for pressure
transducers.

Leak tests must be performed.
Trained experts required for radar
installations.

h X

i X
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* Answer
Para=eter Factor - * . Counents *
. Yes ] Ho | Accuracy
Rotary cotion (rpm) . a The.purpose is to obtafn a signal that
representg the angular velocity of a
« frotating §haft.
b 29,32 " . .
; full
" scale
- . ¢ b4 i 1. Pulse rate integragor.
i ' ]2. Tachometer generators.
*|3. Hzgnetic pickups.
¥ 4. Shaft angle encoders.
[} L3
! d 1. None. ; H
Z. Pcor resolution and nard to
. interface with.
3. Poor resolurion. .
4. Xone, .
H
e X
» +
£ - , '
. h X .
i X ¢
Torque a The purpose is to monitdr power ‘trans—
nitted by a rotating shaft, eg,
. ' engine torque.
b 43X full
t scale ;
. e X 1. Aircraft production torquemetcrs.
2. Strain gages with miniature RF Unk.
d . 1. Sensitive to, wear, vibration, and ’
temperature. Lag times due to fluid
forces unknown. .
i 2. Untested.
* 1
: 3. No. , '
. e X
T
; f
8 Yes. These sys'tcm are used as an
integral part of the parts beihg tested
(comnitted application).
h .
. 1 '
Gas producer speed . See retary -.notbn'.
Fuel flow rate \ .
fuel consumed a The puxpose is to provide a signal that
represents volumetric flow rate and/or
fluid consumed.
! b 22% of
rete
0. 5% !
full
acale
total
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Parzzeter Factor Ceoments
Tes | 5o JaccoTacy
Pitch, roll, yzw attiredes a Tee parpose is to detersira afrerait
attirnde witk respect to a3 fisectzal
reference freze.
b 2* All axes.
c X 1. Tree gyres.
2. Caged gyros.
3. Ipertfal platforss.
d 1. Acer=ulztive error can be excessive.
2. Datz record must be kept short
during =azneuvers to prevent exzessive
precession error.
3. Untested fn helicopter applications.
e X
3
:4
b4
i X
Pitch, roll, yav rates a The purpose 1s to record the angular
velocity of an afrcraft with respect to
its reference vlanes.
b 22X full
scale
c X Rate gyros (three-axis sensor).
d ‘The rrte axes cust be mutually orthogo-
nal.
e X
£
g
h X
i X
Vibration acceleration b4 X See reference 11, anpendix A.
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Parzzerer Factor Cooments
Yes { 50 |Acesracy
Piech, roll, yzx areitodes z Tae parpese is to determira afrerait
ateinde with respect to 3o {sertzal
Teferexce frzze.
b *2° A1l axes.
c X 1. Free gyres.
2. Caged gyros.
3. Ipertfzl platforss.
d 1. Lccexilztive error can be excessive.
2. Dat2 record must be kept short
during z2neuvers ro preveat exszessive
precessioa error.
3. Uztested fn helfcopter applfcatiozs.
e X
€ x
X
h X
i X
Pitch, roll, yaw rates a The purpose i3 to record the angular
velocity of an aircraft uith respect to
its referenze olanes.
b 22X full
scale
c X Rate gyros (three~axis sensor).
d ‘The rste axes must be sutually orthogo-
nal.
e X
f X
8 X
h X
i X
Vibration acceleration i X See reference 11, anpendix A.
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